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In Shakespeare’s Henry IV Part 1, the 
Scottish rebel, the Earl of Douglas, 
engages in a visual search task. 
He is searching for King Henry in a 
field full of soldiers who are not King 
Henry (known in the search trade as 
‘distractors’). The problem is that 
some of those soldiers are wearing the 
colors of the king. As his ally, Hotspur, 
puts it, “The king hath many marching 
in his coats”. Douglas proposes 
what would be considered a serial, 
self-terminating search strategy for 
completing this task: “Now, by my 
sword, I will kill all his coats; I’ll murder 
all his wardrobe, piece by piece, until 
I meet the king”. Typical searches in 
the lab and in everyday life are of a 
less sanguinary nature. Nevertheless, 
we can detect a variety of principles 
in the Earl of Douglas’ search that are 
common to searches for a red X on a 
computer screen, the salt shaker on 
the dinner table, or a threat in an X-ray 
of carry-on luggage. 
To begin, search is necessary, even 
for targets that are in plain view. In 
Figure 1, the King of Diamonds is the 
target. Even though those targets 
are visible and even though you 
have an impression of a field full of 
identifiable playing cards, you can only 
confirm the presence of the specific 
target once you succeed in directing 
attention to the target item. It is simply 
not possible to fully process all of the 
stimuli in the visual field at one time. 
By the way, if you only found one King 
of Diamonds, try to find the other one! 
In the radiology literature, a failure 
to find all of the targets is known as 
‘satisfaction of search’.
Douglas has no intention of swinging 
his sword randomly because he can 
use information about the appearance 
of the royal coat to guide his attention. 
The deployment of attention in any 
search is guided by one or more 
sources of information. The most 
extensively studied of these sources of 
guidance are the so-called preattentive 
attributes, a limited set of attributes 
such as color, motion, size, and so 
forth that can be processed across the 
visual field in parallel — that is, across 
the whole field in a single step. You 
Primer do not need to select a specific object or location in order to determine that 
there is redness, motion, and so on 
at that location. Signals derived from 
that preattentive processing can be 
used to guide attention in two ways. 
First, attention is summoned in a 
bottom-up, stimulus-driven manner to 
the most salient item(s) in a display. In 
Figure 2, it is likely that, in the absence 
of other instruction, your attention 
was attracted to the large, irregular, 
yellow item in this bottom-up manner. 
Second, attention can be guided in 
a top-down, user-driven manner. If 
you search Figure 2 for the small, 
oblique, blue oval, you will be able to 
use all four of those features to guide 
your attention. There are probably 
one to two dozen guiding attributes. 
Some of these, color for example, 
are uncontroversial; others, faces for 
example, have generated substantial 
literatures without firmly establishing 
themselves as preattentive attributes.
The signals that are used to guide 
attention are clearly related to what 
we mean when we colloquially refer to color or orientation or some 
other basic attribute of vision, but 
guidance by an attribute can differ 
from perception of that attribute. 
For example, suppose we find 
the desaturated colors that lie 
perceptually half way between white 
and saturated hues (for example, a 
light green, halfway between saturated 
green and white). It turns out that the 
reddish/pinkish hues are found much 
more quickly in a search than are 
light greens, blues, or purples, which 
are equally distinctive perceptually. 
Apparently, color information is 
packaged one way for perceptual 
experience and another way for 
attentional guidance. 
Top-down and bottom-up guidance 
can work against each other. Over 
the years, considerable research has 
been devoted to studying the degree 
to which a task-irrelevant item can 
capture attention. Thus, if you had 
been asked to find red ovals and 
are then presented with Figure 2, 
you might have found your attention 
captured by the irregular yellow item Figure 1. Search for the King of Diamonds. 
Even though you can see all the cards, you need to search for the target. You probably do not 
spend much time on the black cards.
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your attention was captured, how does 
it get free? It is likely that attended 
and rejected items are inhibited in a 
manner that allows attention to escape 
and produces a bias against selecting 
that item again, at least for a while 
(a phenomenon known as ‘inhibition 
of return’). The observer’s history can 
influence what captures attention. For 
example, if the target happened to 
be red on the previous trial, attention 
would be more likely to be drawn to a 
red item, even an irrelevant red item, 
in the current search display. The 
previous trial has primed the current 
trial, in effect making the red items 
more salient. This is known as ‘priming 
of pop-out’. 
The slope of the function relating 
reaction time to set size is a useful 
metric for measuring the extent of 
guidance in a search. ‘Reaction time’ 
is the time required to say “yes”, there 
is a target present or “no”, there is not. 
It could also be the time to localize the 
target or to make some other response 
like categorizing the target’s shape. 
‘Set size’ simply refers to the number 
of items in the display (sixteen in 
Figure 1). The slope measures the rate 
at which items can be processed in a 
search. It is not a measure of the time 
required for each item to be processed 
unless one can be sure that only one 
item is being processed at a time. 
Thus, if each item needs to be fixated, 
requiring an eye movement from one 
item to the next, the rate will be limited 
by the rate of those eye movements, 
which is typically three or four per 
second. A search among large, well-
separated objects would not be limited 
by eye movements. If all items in that 
display  were preattentively equivalent, 
the resulting unguided search would 
tend to have a slope in the range of 
20–40 milliseconds per item for target-
present trials and a bit more than 
twice that for trials when the target 
is absent. Translating those slopes 
into an estimate of items per second 
requires assumptions about the nature 
of search. For example, how much 
memory is there for the history of the 
search? Are items sampled with or 
without replacement? 
If guidance is perfect, then attention 
can be directed to the target on its 
first deployment, regardless of the 
number of distractors. Under these 
conditions of ‘pop-out’, the slope 
will be near zero. Intermediate cases 
where there is some guidance (as in Current Biology
Figure 2. Attention and visual search.
Your attention is probably drawn to the big, irregular yellow item in a bottom-up, stimulus 
driven manner. With no change in the visual stimulation, you can easily reconfigure your atten-
tion to favor ‘blue ovals’ in a ‘top-down’ user-driven manner.Figures 1 and 2) will tend to produce 
intermediate slopes. The Earl of 
Douglas is performing one of these 
intermediate searches. Many objects 
in his visual field can be readily 
eliminated from the set of candidate 
targets, but a subset remain as 
possible kings who apparently must 
be murdered piece by piece until he 
finds the king.
The astute reader will have noticed 
some differences between our 
Shakespearean search example and 
the searches that have provided 
the scientific data. The bulk of the 
work described thus far has involved 
asking observers to search through 
arrays of simple items, sometimes a 
very few items, presented in isolation 
on an otherwise blank background 
on the computer screen. The Earl of 
Douglas, in contrast, was searching 
the battlefield at Shrewsbury. Search 
in real scenes introduces factors not 
present in searches of isolated items. 
Thus, if asked to find a black cow on 
the now-peaceful field at Shrewsbury 
(Figure 3), your attention would be 
guided by aforementioned features such as color, but also by knowledge 
of properties of the physical world. 
Cows, under most circumstances, 
will be found on the ground plane 
and not in the sky or on vertical walls. 
Research on guidance of this sort is in 
a comparatively early stage. 
It is clear that some aspects of 
scene structure are extracted very 
rapidly, probably without the need for 
selective attention. Similarly, some 
semantic information, such as the 
knowledge that this is an outdoor 
scene, can be computed even if 
attention is occupied elsewhere 
(though it is notoriously difficult to 
prove that no attention leaked into a 
task like scene classification). Other 
matters are less clear. How efficient 
is search in scenes? The standard 
measure, the slope of a reaction 
time by set size function, would 
require a measure of the set size of 
the scene. What is the set size in 
Shrewsbury field? It is hard to know. 
Is a cow an object? What about its 
head? You certainly could search 
for a white head. What is the effect 
of the cluttered nature of the real 
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representation of the object of search. 
What is the internal representation of 
a search target like ‘King Henry’ or 
‘white cow head’, given that they can 
be recognized in a substantial array of 
positions, orientations, and distances? 
Another complication of the 
real world is that stimuli can be 
ambiguous. It is not always obvious 
if the current object of attention is, 
or is not, the target. In the realm of 
academic research, this has been 
studied with the tools of signal 
detection theory, using simple stimuli 
presented too briefly to permit perfect 
identification. In the real world, this 
is an important issue in tasks like 
airport security and cancer screening 
(Figure 4), even when the stimuli 
are visible for an extended period 
of time. Even well-trained experts 
make a substantial number of errors 
in these difficult tasks. Unless and 
until improvements in technology can 
eliminate errors, it will be important to 
understand the sources of misses and 
false alarms and the forces that drive 
observers toward one or the other type 
of error. Cancer and airport screening 
are searches for very rare targets. In 
the lab, this biases searchers to say 
“no” and to miss a larger number of 
targets. Miss errors that could lead to 
a cancer death or terrorist attack are 
far more costly than false alarms in 
Figure 3. Most search takes place in the world 
of continuous scenes, in this case, the now 
peaceful battlefield at Shrewsbury. (Photo: 
Marian Byrne, http://www.flickr.com/photos/
wonkyknee/3634944485/)these settings, though the false alarms 
also come with costs, financial and 
emotional. In the lab, the high cost of 
misses would push observers toward 
a more liberal decision criterion and 
more false alarm errors. Now factor in 
the time pressure imposed by the line 
in Terminal C or by the stack of cases 
waiting to be read and you have a very 
complex combination of search and 
signal detection that is being played 
for very high stakes.
If the target is potentially ambiguous, 
so too are the distractors. When 
stimuli are flashed briefly, this makes 
the decision problem into a task of 
deciding if any of N items produces 
enough of a signal to be deemed to be 
a target. For more extended stimuli, 
especially for those that may need 
to be attended in series, this makes 
search into a succession of decisions. 
Mammography and airport security, 
to say nothing of searches for English 
monarchs, raise another disconnect 
between what we know from the lab 
and what we want to understand in 
the world. Many of these real world searches extend over many seconds or 
minutes (Figure 5). Experimental work 
is mostly concerned with searches 
that are completed in a few seconds, 
at most, and with search stimuli that 
may be visible for a small fraction of a 
second. Researchers are not ignoring 
reality. It is simply impractical to run 
hundreds of trials that take minutes 
each. Nevertheless, it is interesting 
to think about the issues raised when 
the searcher has been immersed in a 
scene for some time. Intuitively, it is 
clear that knowing something about 
the current visual world aids search. 
You will find the paper towels more 
quickly in your own kitchen than in 
another kitchen. Moreover, because of 
your knowledge of kitchens, you will 
find those towels more quickly in that 
other kitchen than in the basement. 
Intuition notwithstanding, in the lab, 
the efficiency of simple but inefficient 
search does not improve even after 
hundreds of trials. If you are looking 
through a set of six letters and, on 
each trial, you are asked about a 
different letter that might or might Figure 4. Finding signs of cancer in a mammogram can be a difficult visual search task, even 
for experts.
Magazine
R349
Pan thanatology
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Chimpanzees’ immediate responses 
to the death of a group-member have 
rarely been described. Exceptions 
include maternal care towards dead 
infants, and frenzied excitement and 
alarm following the sudden, traumatic 
deaths of older individuals [1–5]. Some 
wild chimpanzees die in their night 
nest [6], but the immediate effect this 
has on others is totally unknown. Here, 
with supporting video material, we 
describe the peaceful demise of an 
elderly female in the midst of her group. 
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Figure 5. Timescale of visual search.
The timescale of typical search tasks runs from fractions of a second to many minutes or more. 
Most laboratory research has been concentrated at the shorter end of this spectrum.Group responses include pre-death 
care of the female, close inspection and 
testing for signs of life at the moment 
of death, male aggression towards the 
corpse, all-night attendance by the 
deceased’s adult daughter, cleaning 
the corpse, and later avoidance of the 
place where death occurred. Without 
death-related symbols or rituals, 
chimpanzees show several behaviours 
that recall human responses to the 
death of a close relative.
Observations were made on a female 
chimpanzee, Pansy (estimated age 50+ 
years) and three other adults: Blossom 
(female estimated age 50 years), Rosie 
(Pansy’s daughter, 20 years), and 
Chippie (Blossom’s son, 20 years). The 
group lives on an island in a safari park, 
but in winter they are moved to heated 
indoor quarters (see Supplemental 
Information available on- line with 
this issue). In November 2008 Pansy 
became increasingly lethargic. When 
the group was moved indoors, she 
immediately lay down on the floor 
after eating. The others groomed her, 
and nested near her in the day area 
instead of on their usual night area 
platforms. For several days, Pansy 
received veterinary care alone in the 
night area, the others being allowed to 
join her each evening. During this time 
she rarely left her nest, which had been 
made by Blossom.
On December 7th, at approximately 
15.00 h Pansy got up and laboriously 
moved across to the other platform, 
where she lay down in Rosie’s nest 
from the previous night. Toward 
16.00h she started showing erratic 
and laboured breathing. Anticipating not be present, the third search looks 
a lot like the thirtieth and the three 
hundredth. In those simple cases, 
doing even an inefficient visual search 
from scratch is probably more efficient 
than pulling the location of the specific 
target letter out of memory. In an 
extended, complex search, however, 
remembered information about the 
scene will have the time to become 
useful. Given that working memory 
has a very limited capacity, it will 
be interesting to discover how that 
capacity is used to support extended 
search.
Douglas is looking for a single 
target. This has been true in the 
bulk of the search literature as well 
but, of course, that need not be the 
case. Returning to the photograph 
of Shrewsbury field, there might be 
blackberries in that hedge. Finding 
them involves a visual search, guided 
by color, shape, texture, and no doubt, 
by some knowledge of the ways that 
blackberries insinuate themselves into 
hedges. This is a search for multiple 
targets. Given a long hedge with an 
effectively unlimited set of target 
berries and non-berry distractors, how 
long should you search in one spot 
before moving on? There are proposed 
answers in the foraging theory and 
data, largely based on research with 
animal populations but very little 
human search data. Our behavior in 
such situations may have evolved over 
millennia of hunting and gathering. 
It remains relevant today when we 
ask a radiologist, for example, to find 
all the abnormalities in a series of images from one patient or when we 
ask an image analyst to mark every 
interesting finding in a satellite image 
of some part of a foreign country. In 
principle, one could search forever, but 
there is another case, another image, 
another berry bush waiting. There are 
theoretical answers to the question of 
when it is time to move on, but, again, 
little human data.
In summary, we know a great deal 
about search but mostly at the short 
time scale on the continuum illustrated 
here (Figure 5). There is a rich world of 
search behavior still to investigate. Oh, 
and the Earl of Douglas ends up as a 
prisoner of the future Henry the Fifth. 
Perhaps an early case of ‘attentional 
capture’. 
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